Chemical context
The title compound, (3), is the first reported double-DielsAlder adduct obtained from a one-pot reaction of a 2-vinylthiophene ( Fig. 1) . This methodology may have use in the synthesis of novel ligands, zeolites, or polyamides.
Diels-Alder methodology:
Reactions between vinylheterocycles and dienophiles have been useful in natural product synthesis and in the development of potential medicinal compounds (Booth et al., 2005; Kanai et al., 2005) . Reported heterocycles include indole, pyrrole (Le Strat et al., 2005; Noland et al., 2013) , furan (Brewer et al., 1971; Brewer & Elix, 1975b; Davidson & Elix, 1970) , benzofuran, and benzothiophene (Marrocchi et al., 2001; Pihera et al., 1999) . A DielsAlder reaction was attempted between 2-(-styryl)thiophene (1) (Tasch et al., 2013) and N-phenylmaleimide (2) in an effort to expand this methodology (Fig. 2) . Based on work by Watson (2012) , the expected products were adduct (4), aromatized adduct (5), or (6) via ene addition of (2) to (4). Given the scope of simpler products from these reactions, it was surprising to obtain tetrone (3) in such a high yield.
Mechanism: Mechanisms proposed for double adducts (7) (Lovely et al., 2007) and (8) (Noland et al., 1993 ) suggest a ISSN 1600-5368 Diels-Alder reaction (Fig. 3) , with loss of H 2 by an unknown pathway, and then a second cycloaddition. Noland et al. (1993) observed that formation of (8) was accelerated by exposure to oxygen, and aromatization to (9) was favored over (8) in acid. Brewer & Elix (1975a) reported a double adduct (10) and a hydroperoxy intermediate thereof; they proposed loss of H 2 in an autoxidation followed by elimination of H 2 O 2 , a pathway that fits both observations made by the Noland group. The crystal structures of (3) and the hydroperoxide (11) (Noland et al., 2014) , and preliminary HRMS and 1 H NMR evidence that (12) is an intermediate to (3), all support the mechanism proposed by Brewer & Elix (1975a) .
Applications: Compounds related to (3) are used as bridging ligands in organometallic complexes (see: x4. Database survey), synthesis of zeolites (Cantín et al., 2006; Inagaki et al., 2013) , and polyamides (Faghihi & Shabanian, 2010) . Most examples are derived from dianhydride (13) (Hu, 2008) or a similar substrate, reacting with ammonia or primary amines, limiting variability to imido substitution. Domino methodology has been developed that could give more diverse functionality (Strü bing et al., 2005) .
Structural commentary
In compound (3) (Fig, 1) , the N-phenyl rings (C24-C29) and (C30-C35) are twisted out of the plane of their respective succinimido rings, (N4/C3/C2/C6/C5) and (N10/C9/C8/C12/ C11), by 54.83 (8) and 54.97 (8) , respectively, with the same chirality, giving helical character along the major axis (C27 to C33). The molecular structure of compound (3), with atom labelling (nonlabelled atoms in the p-xylene solvent molecule are related to the labelled atoms by inversion symmetry). Displacement ellipsoids are drawn at the 50% probability level.
Figure 2
Synthesis of the title compound (3). Structures (4)-(6) were the expected products. Contextual compounds. Double adducts (7) and (8) were previously reported. In acid, aromatized adduct (9) was favored over double addition. Double adduct (10) is the closest reported kin of (3). Recently reported (11) supports the proposed mechanism. Hydroperoxide (12) is a likely intermediate to (3). Dianhydride (13) is commonly used for ligand synthesis.
Figure 4
A molecule of (3) viewed near [114] , normal to the pyrrolo[3,4-g]-isoindole ring system. The styrylthiophene unit (C21, C18, C17, C16, S15, C14) is forward. The N-phenyl rings are twisted so C26 and C32 are forward, C29 and C35 are behind.
respectively, and 0.01 Å for the 3-hydrothieno ring (S15/C16/ C1/C13/C14). The two succinimido rings are inclined to one another by 29.24 (8) and the N-phenyl rings are inclined to one another by 54.55 (8) . The phenyl ring (C18-23) is inclined to the the N-phenyl rings, (C24-C29) and (C30-C35), by 89.89 (8) and 64.82 (8) , respectively. There is an intramolecular C-HÁ Á ÁO hydrogen bond present (Table 1) .
Supramolecular features
In the crystal of (3), the carbonyl atom O5 forms weak hydrogen bonds with the endo face of the bicyclo[2. Groom & Allen, 2014) was performed for meso structures derived from the parent structure (14); see Fig. 8 . Fifteen organometallic entries were found, including interpenetrating nets (Zhang et al., 2011) , container complexes (Liu et al., 2007) , and other multi-metalcenter complexes (Yu et al., 2012; Zhang, 2012) . Thirteen organic entries were found, including the aforementioned (7) A view along the c axis of the crystal packing of compound (3). p-Xylene molecules and inversion-related pairs (O11Á Á ÁH14) of molecules occupy alternating layers about inversion centers.
Figure 8
Selected database survey entries: substructure (14) was the basis of the survey. The diimide (15) has been reported several times as a ligand. The coumarin-derived double adduct (16) is the only entry that is spiro-fused to a six-membered ring. Table 1 Hydrogen-bond geometry (Å , ). interpenetrating nets (Song et al., 2012) ; and a coumarinderived double-Diels-Alder adduct (16) (Nicolaides et al., 1997) .
Synthesis and crystallization
2-(-Styryl)thiophene (200 mg, Tasch et al., 2013) and Nphenylmaleimide (372 mg, 2 equiv.) were partially dissolved in toluene (5 mL). The resulting mixture was refluxed open to air for 100 h. Upon cooling to room temperature, the resulting suspension was separated by column chromatography (SiO 2 , hexane:ethyl acetate, gradient from 1:0 to 1:1). The desired fraction (R f = 0.09 in 1:1) was concentrated at reduced pressure giving compound (3) as a white powder (287 mg, 50%, m.p. 554-555 K). Recrystallization from many solvent combinations was attempted. The first good crystals were obtained from toluene:1,2-dichloroethane (DCE) [ratio 19:1] . These were empirically (3)Á0.5C 7 H 8 Á0.5DCE, with toluene on inversion centers and DCE on twofold axes; both solvents were disordered. Recrystallization from p-xylene gave orderly crystals of (3) by suction filtration after 5 days of slow evaporation at room temperature. No conditions were found that gave neat crystals of (3).
Refinement
Crystal data, data collection, and structure refinement details are summarized in Table 2 . C-bound H atoms were placed in calculated positions and refined as riding atoms, with C-H = 0.0.95-0.98 Å and with U iso (H) = 1.5U eq (C) for methyl H atoms and = 1.2U eq (C) for other H atoms. (Macrae et al., 2008) ; software used to prepare material for publication:
SHELXTL2008 (Sheldrick, 2008) , enCIFer (Allen et al., 2004) and publCIF (Westrip, 2010) . (9) 0.0214 (7) 0.0042 (7) 0.0052 (6 
